Warm-up is broadly used to increase performance and protect against injury in sports. However, the effects of different models of warm-up on maximal exercise and the subsequent recovery period are undetermined. This study aimed to assess the effects of different warm-ups on performance, blood pressure and autonomic control. Methods: 53 subjects rested for 5 minutes and then were randomly allocated to one of four experimental groups: Control (CTR), Aerobic Warm-up (AER), Static (SST) or Ballistic (BST) stretch. Immediately after warm-up, they performed a maximal cycling test and rested for 30 minutes. Heart rate variability (HRV), Systolic (SBP) and diastolic (DBP) blood pressure were assessed throughout the entire experiment. Statistical analysis was performed by one-way ANOVA with Tukey post-test or two-way ANOVA followed by either Bonferroni or Dunnet post-test, when appropriate. Warm-up did not change test performance or HRV (p>.05), however, when compared between-groups, SBP was higher in BST against all groups (p<.05) after warm-up, and lower in SST and AER after maximal test (p>.05). When compared to baseline values SST showed increased SBP in recovery (p<.05) while only AER and BST showed post-exercise hypotension at 30 minutes (p<.05). In conclusion, despite the lack of effects on performance, AER and BST seem to improve while SST seems to impair the recovery of cardiovascular parameters in an autonomic-independent mechanism.
INTRODUCTION
Warm-up is defined as a "protocol specifically undertaken to prepare for the onset of subsequent physical activity", however the effect of different methods of warm-up are unclear 1 , and coaches often base their warmup sessions on empiric observations rather than scientific studies 2 . The most commonly used warm-ups in sports are composed of low intensity aerobic activity, muscle stretching and sport-specific movements 2 . Muscle stretching is a practice undertaken to increase flexibility which may be performed in several ways, of which the most common are static and ballistic stretching 3 .
Warm-ups aim to increase performance and decrease injury risk by including muscle stretching as a part of this protocol. Warm-ups performed from low to moderate intensities seem to benefit motor tasks 4 , while long or intense warm-ups, which are common in several physical activities, may decrease performance when compared to shorter warm up times 5 . These responses are still controversial in scientific literature and need further elucidations; scientific studies question the indiscriminate use of stretching and, in this regard, muscle stretching may negate the potential beneficial effects of warm-up 6 by decreasing performance in several conditions, without decreasing risk of injury 3 .
Additionally, few studies have evaluated warm-up separately from muscle stretching 2 . Static stretching reduces strength [7] [8] [9] [10] [11] , which raise concerns to its use prior to physical activity. Because of this, ballistic stretching has tended to replace static stretching in modern practices of warm up 12 . Ballistic stretch seems more appropriate to precede physical activity since the reduction in strength is less probable 9 and performance does not decrease when ballistic stretching is used in conjunction with aerobic warm-up 13 . Previous studies from our laboratory have shown that aerobic warm-up or ballistic stretching have no effect on performance when compared to no warm up 14, 15 .
Exercise participates in the control of blood pressure (BP). After exercise, systolic blood pressure decreases below baseline levels and this effect persists for up to 24 hours 16 , an phenomenon deemed post-exercise hypotension (PEH) 17 . Blood pressure disorders are the most common cause of death worldwide; because of this, it is crucial to understand the elements that promote acute changes in blood pressure, as well as their respective mechanisms 16 . Autonomic and non-autonomic factors influence changes in blood pressure during and post-exercise 18 . Studies regarding PEH often find controversial results, since the characteristics of the exercise protocol and different populations influence the results 19 . So far, no study has assessed if previous warm-up influences PEH achieved after maximal exercise. The autonomic nervous system is linked with several physiological systems, among them heart rate. Examining the responsiveness of this system may provide useful information about the functional adaptations of the body 20 . When addressing autonomic factors that interfere on blood pressure, heart rate variability (HRV) is the best indirect method to evaluate the autonomic control over the cardiovascular system for humans 21 . Vagalrelated indexes, such as the power density in the high-frequency (HF) range obtained by spectral analysis, are the most widely used variables to examine HRV 22 . At rest there is a predominance of vagal modulation of the heart, but during exercise sympathetic tone is increased and parasympathetic tone diminishes gradually 23 . After exercise, these autonomic changes are reversed to pre-exercise condition 24 . Rapid vagal recovery may be an important mechanism in preventing excessive cardiac work 20 . However, no study has investigated the warm-up effect on the autonomic modulation or parasympathetic reactivation, immediately after high intensity exercises.
This study compares the effects of warm-up, including ballistic and static stretching, on performance and the recovery of blood pressure and autonomic control after maximal exercise.
METHODOLOGICAL PROCEDURES

Participants
Fifty-three men, untrained in cycling or stretching, volunteered to participate in the study. Those that presented high blood pressure (BP > 130 / 90 mmHg at rest), osteomiyoarticular injuries, or used medication that impacts the studied variables were excluded from the sample. The number of participants in this study was determined by the software G*Power (Version 3.0.10) in accordance with the experimental delimitation to obtain statistical power (over 0.95) in all analysis.
Study Design
The institutional research ethics committee approved this study. In the week prior to test protocols, all participants accepted to take part of this research by signing the Informed Consent Form, according to the Resolution 466/2012 of the National Health Council. Afterwards, participants underwent anthropometric measurements and performed a familiarization session identical to the methodological procedures used in the experimental protocols in order to avoid learning influence on the results.
We instructed the participants to refrain from strenuous physical activities, caffeine-based products, smoking, alcoholic beverages, or any substance that interferes in the cardiovascular system at least 48 hours prior to experimental procedure.
The participants (Age: 21±2 years old; Weight: 71±10 kg; Height: 177±5 cm; Percentage of Fat: 12±4 %) were randomly allocated to one of four experimental protocols: Control (CTR) (n=11), Aerobic Warm-up (AER) (n=14), Ballistic Stretch (BST) (n=14) or Static Stretch (SST) (n=13). In the experiment, all participants rested for 5 minutes, underwent experimental protocols, then performed a maximal cycling test and rested for 30 minutes. Heart rate variability was assessed throughout the entire period and blood pressure immediately before, after cycling test, and at 5, 10, 20 and 30 minutes of recovery.
Experimental groups
Due to the recommended duration of warm-up according to Bishop 5 and the recommended duration of trials for HRV analysis 21 , all protocols were completed within a 5-minute period. CTR rested at the seated position. AER consisted of 5 minutes of cycling in a cycloergometer at a 50 W load and rhythm between 60 and 80 rpm.
The SST group underwent 5 passive stretching exercises in both hemi bodies. The muscles were stretched to the threshold of pain, and held in place for 30 seconds each, achieving a total of 5 minutes. The muscles involved in cycling activity were stretched, the exercises were: The BST group used the same exercises described above for 5 minutes; however, instead of holding the muscle in place the participants did the characteristic bouncing movements of ballistic stretching. In order to ensure the homogeneity of the exercise, the bouncing movements followed the beat of a metronome, set at 60 bpm.
Maximal cycling test
The test consisted of an initial load of 50W during 4 minutes, then to 100W for 4 more minutes, and then to 150 W during 4 minutes as well. After that moment the load was increased by 20 W/min until exhaustion. The cadence was maintained between 60 and 80 RPM, and exhaustion was defined as inability of the subject to maintain this cadence 25 .
Assessment of autonomic and hemodynamic variables
Heart rate and its variability were measured by Polar RS800CX [Polar Electro OY, Finland] which was validated in previous studies 26 
Statistical analysis
The analysis of total test time was performed by one-way ANOVA, followed by Tukey's post-test. All other variables were compared with twoway ANOVA, followed by Bonferroni post-test. Additionally, in order to recovery of systolic and diastolic blood pressure (SBP and DBP, respectively) the warm-up and cycling test periods were excluded from the analysis and Two-way ANOVA was carried out, with Dunnet post-test against baseline values. Graphpad Prism. v7.0 software was used for all analyses.
RESULTS
Warm-up did not change total test time (CTR=1031±112.7; AER=995.6±98.81; SST=1023±137.3; and BST=1023±96.33 s, p>0.05; figure 1 ). Regarding SBP, when the difference between groups was analyzed, after warm-up BST was higher than all other groups (CTR=114.4±7; AER=122.3±13.26; SST=121.9±13; BST=137.2±13.3, p<0.05); and after maximal test which SST was lower than CTR (CTR=155.7±12.8; AER=144.1±14.2; SST=140.7±17.9; BST=150.3±22.8, p<0.05). When the difference in recovery was assessed, SST was higher than baseline at 5 minutes of recovery (baseline=11.3±8.3 vs. 5 min=119.4±12, p<0.05) and at 30 minutes only AER (baseline=111.2±10.6 vs. 30 min=102±10.4; p<0.05) and BST (baseline=113.4±7.2 vs. 30 min=106±6.9; p<0.05) were significantly lower than baseline. Additionally, warm-up did not influence diastolic blood pressure in both analysis (p>0.05). Autonomic variables (LF, HF, LF/HF) are shown in Table 1 . In short, LF and HF showed differences between BST and CTR during warmup (p<0.05), with no additional differences, and LF/HF ratio showed no differences (p>0.05). 
DISCUSSION
Warm-up is generally performed previously to exercise to increase performance, however the literature has shown in most studies that warm-up does not change 1, 2 . We have previously shown that warm-up did not influence performance on different exercise protocols 14.15 . In this study, warm-up was not capable of changing performance in maximal cycling. Indeed, low to moderate intensities of warm-up present mostly neutral effects on performance of several variables, such as strength and power 1 . However, despite the lack of change on performance, warm-up is able to change blood pressure. Previous studies demonstrated that passive dynamic stretch of the calf muscles increases the activity of the muscular sympathetic afferent and, consequently, increases blood pressure 27 , the effects of whole body ballistic stretch, however, have not been assessed. The present results show that after warm-up, systolic blood pressure is higher only after ballistic stretch, therefore, this warm-up protocol is possibly more intense than aerobic warm-up or static stretching, since it is the only capable of inducing change. Accordingly, ballistic stretching was the only warm-up that changed sympathetic autonomic activity, with increased LF, and decreased HF. This suggests that the increased systolic blood pressure after ballistic stretch is mediated by increased autonomic activity, however this response disappears after maximal test.
After maximal test, systolic blood pressure was lower in the groups that performed aerobic warm-up and static stretching when compared to control. This suggests that aerobic warm-ups are capable of blunting increased blood pressure after maximal exercise. The recovery of baseline values of blood pressure in the recovery period was not influenced by aerobic warm-up, however. In order to assess if warm-up influences post-exercise hypotension, blood pressure was measured during an additional thirty minutes after maximal exercise. Post-exercise hypotension is a phenomenon in which blood pressure decreases below baseline values after exercise 17 . This study demonstrated that after static stretching, systolic blood pressure took longer to return to baseline values, despite being lower after maximal test. Interestingly, the maximal exercise used in this study only achieved post-exercise hypotension when preceded by ballistic stretch or aerobic warm-up. Both control and static stretch groups displayed no difference in post-exercise blood pressure. Indeed, previous studies 28 demonstrated that static stretching alone was not able to change post-exercise hypotension when followed by intense exercise. Hence, warm-up may be recommended to precede maximal exercise due to its induction of hypotension even when its lack of influence on performance is considered. Ballistic stretching, rather than static stretching, should be used before maximal exercise when PEH is considered; as has been suggested when other variables, such as strength, were accounted for 9, 13 .
Post-exercise hypotension is one the main benefits of exercise in hypertensive populations 16 , therefore, examining the mechanisms underlying this response is crucial. Although the population used in this study consisted of individuals with normal blood pressure, these results indicate that warm-up may alter the hypotensive effect of exercise. However, further studies are necessary to address this issue in hypertensive subjects. Additionally, a maximal exercise was used in this study, the effects of a submaximal exercise on the same parameters would pose an interesting questions for future studies.
Heart rate variability is an indirect method to assess the balance of sympathetic and parasympathetic autonomic control over the heart, with variables such as HF (which indicate parasympathetic activity) and LF (which indicates sympathetic activity) 29 . Physical exercise influences the autonomic nervous system, with increased sympathetic and decreased parasympathetic modulation during exercise; and after exercise this response returns to normal 24 . Ballistic stretching was the only warm-up that affected autonomic control, with increased LF and decreased HF. This difference disappeared in the maximal test and recovery periods. Therefore, different warm-ups were not capable of changing the response to maximal exercise on autonomic activity. The low intensity warm-ups used in this study might not have been capable of changing the autonomic control of the heart. The responses of the autonomic nervous system are target specific, i.e. a stimulus is capable of changing the activity of sympathetic nerves that project to one region, with no changes in the overall sympathetic activity 30 , therefore the direct sympathetic stimulus to the muscle cannot be assessed through HRV analysis and possibly influenced the results.
Blood pressure is set by hormonal, neural, and metabolic control 18 . This study indirectly assessed if neural control is responsible for the effects of warm-up on blood pressure. The lack of differences in LF/HF ratio between warm-up protocols indicates that blood pressure effects were independent of autonomic control; thus, hormonal or local regulators of blood pressure might have been at play. Indeed, after exercise, especially high-intensity exercise, plasmatic concentration of several vasoconstrictive hormones, such as angiotensin-II and endothelin-1, contributes to the increases in blood pressure 18 . The effect that different warm-ups achieve on these variables is yet unknown, we hypothesize that warm-up may induce an increased clearance of hypertensive metabolites, that culminates with a systolic blood pressure that drops below baseline levels. However, only aerobic warm-up and ballistic stretching achieved this effect, which indicates that static stretching differently affects local and hormonal mediators of blood pressure, impairing blood pressure recovery. This hypothesis further elucidation, since the plasmatic levels of these hormones were not directly measured in this study. Alternatively, the control of blood pressure after maximal exercise may be due to specific autonomic afferents to the exercised region, rather than an indiscriminate all-or-none autonomic excitation 30 , therefore affecting muscular autonomic activity differently from the heart, which would not be efficiently assessed by HRV.
CONCLUSION
The results from this study indicate that aerobic warm-up and ballistic stretching, although incapable of changing performance on maximal cycling exercise or parasympathetic reactivation, seems to achieve benefits regarding blood pressure. Conversely, static stretching seems to impair the return of blood pressure to baseline values. The responses on systolic blood pressure are likely mediated by local factors rather than increased autonomic activity. Therefore, regarding acute effects on blood pressure, aerobic warm-up and ballistic stretch are indicated before maximal physical exercise since they decreased blood pressure below baseline levels 30 minutes after exercise. The chronic impact of different warm-up practices on blood pressure regulation poses an interesting question for future studies.
